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
 ,QWURGXFWLRQ

,QWKHODVW\HDUVSXEOLFDQGVFLHQWLILFGHEDWHDERXWWKHUHGXFWLRQRI&2DQGSROOXWLQJHPLVVLRQVKDVLQWHQVLILHG
DQGWKHLPSRUWDQFHRIUHQHZDEOHHQHUJLHVDQGIXHOKDVLQFUHDVHG6FLHQWLILFLQWHUHVWVRQWKHHFRQRPLFSRVVLELOLW\WR
XVH ZRRG DQG ELRPDVV WR REWDLQ HOHFWULF DQG WKHUPDO HQHUJ\ KDV VKRZQ FRQWUDVWLQJ UHVXOWV3URWR =LPEDODWWL
$EHQDYROL%HUQDUGL	%HQDOLD%LRPDVV LQFOXGHDOO WKHRUJDQLFFRPSRQHQWV OLNHZRRGZRRGZDVWHDQLPDO
ZDVWH HWF ,QSDUWLFXODU DQDWWUDFWLYHRSSRUWXQLW\ LV WKHZDVWHELRPDVVDV DJURLQGXVWULDO VXE±SURGXFWVRUXUEDQ
ZDVWHV%LRPDVVFDQEHXVHGWRSURGXFHKHDWE\FRPEXVWLRQPHFKDQLFDOHQHUJ\E\LQWHUQDOFRPEXVWLRQHQJLQHRU
JDVWXUELQH&RODQWRQL$OOHJULQL%RXEDNHU/RQJR'L*LDFLQWR	%LRQGLHOHWWULFHQHUJ\GLUHFWO\E\WKHIXHO
FHOOV %RFFL 6LVLQQL 0RQHWL 9HFFKLRQH 'L &DUOR 	9LOODULQL  RU LQGLUHFWO\ E\ PHFKDQLFDO HQHUJ\ DQG D
JHQHUDWRU 0RQHWL 'HOIDQWL 0DUXFFL %HGLQL *DPEHOOD 3URWR 	*DOOXFFL 3ODQW RLOV UHSUHVHQW IRRG
FRPPRGLWLHVDVZHOODVDQLPSRUWDQWUHQHZDEOHVRXUFHIRUERWKIXHODQGFKHPLFDOLQGXVWULHV'HPDQGIRUYHJHWDEOH
RLOV VXLWDEOH IRU ELRGLHVHO SURGXFWLRQ KDV UHFHQWO\ LQFUHDVHG GXH WR VHYHUDO LVVXHV DV SHWUROHXP &2 HPLVVLRQV
FRQWDLQPHQWUHTXLUHPHQWVDQGIXHOVHFXULW\SROLFLHV
Jatropha curcasKDV UHFHLYHG LQFUHDVLQJ LQWHUHVW LQ WKH ODVW \HDUV ERWK DV QHZ ELRIXHO FURS FDQGLGDWH DQG LWV
SRWHQWLDOXVHLQWKH³PDUJLQDODUHDV´ZKHUHQRFRPSHWLWLRQRFFXUVZLWKIRRGSURGXFLQJFURSVZKHUHWKLVSODQWLV
QRW FRPSHWLQJZLWK IRRGSURGXFLQJ FURSV7LZDUL.XPDU	5DKHPDQ3UDVDG3UDGKDQ'DV	1DLN
7KLVIDFWFRXSOHGZLWKVRPHWLPHVRYHUHPSKDVL]HGUHVLVWDQFHRIWKHSODQWWRELRWLFDQGDELRWLFVWUHVVHVKDVWXUQHG
WKHFURSLQIHZ\HDUVIURPPDUJLQDOSODQWWRDYHU\SURPLVLQJUDZPDWHULDOIRUELRIXHOSURGXFWLRQDVHYLGHQFHGE\
WKH SURMHFWV IXQGHG E\ SXEOLF DQG SULYDWH ERGLHV SROLF\PDNHUV DQG QRQ JRYHUQDPHQWDO RUJDQL]DWLRQV 1*2V
%DOGLQL5DUDQFLX	9LVFKL
Jatropha curcas / LV D GURXJKWUHVLVWDQW SHUHQQLDO SODQW EHORQJLQJ WR WKH (XSKRUELDFHDH IDPLO\ ,W KDV D OLIH
H[SHFWDQF\ RI XS WR  \HDUV DQG FDQ JURZ XQGHU GLIIHUHQW VRLO DQG FOLPDWLF FRQGLWLRQV DULG VHPLDULG DQG
ZDVWHODQGV DQG D ZLGH UDQJH RI DQQXDO UDLQIDOO UHJLPHVIURP  WR RYHU PP 7KH SODQW KDV LWV QDWLYH
GLVWULEXWLRQDOUDQJHLQ0H[LFR&HQWUDO$PHULFD$IULFD%UD]LO,QGLDQVXEFRQWLQHQW3HUX$UJHQWLQDDQG3DUDJXD\
-DWURSKDVHHGRLOFDQEHH[WUDFWHGIRUGLUHFWXVHLQPRGLILHGGLHVHOHQJLQHVRWKHUZLVHLWFDQEHUHILQHGLQWRELRGLHVHO
IRU VWDQGDUG GLHVHO HQJLQHV J. curcas / FXOWLYDWLRQ LQ PDUJLQDO ODQGV QRW VXLWDEOH IRU IRRG FURSV LV WKHUHIRUH
DWWUDFWLYHVLQFHLWVKRXOGEHUHJDUGHGDVEHLQJFRPSOHPHQWDU\WRDJULFXOWXUDOFURSV$QRWKHULPSRUWDQWDVSHFWLVWKDW
-DWURSKDHQDEOHV VDQGGXQHV VWDELOL]DWLRQ DFWLQJDV DZLQGEUHDN DQGFRPEDWLQJGHVHUWLILFDWLRQ ,Q IDFW WKHSODQW
GHYHORSV D GHHS WDSURRW DQG LQLWLDOO\ IRXU VKDOORZ ODWHUDO URRWV 'L,RULR/DVVHUUH 3HWUR]]L 6FLSSD	&KLDWDQWH
'L,RULR0RQWDJQROL7HU]DJKL6FLSSD	&KLDWDQWH0RUHRYHUWKHJ. curcasFURSPDQDJHPHQWV\VWHP
LVYHU\VXLWDEOHIRU WKHIDPLO\IDUPV\VWHPDV WKHFURSDSSHDUV WREHDSHUIHFW LQYHVWPHQW WKDWFDQEULQJSRVLWLYH
VRFLRHFRQRPLFEHQHILWV*+*UHGXFWLRQDQGHQHUJ\VXSSO\%DOGLQL%XOIRQL	)HUILD
7KHFXUUHQWVWXG\SUHVHQWVWKHILUVWUHVXOWVRIDUHVHDUFKSURMHFWIXQGHGE\WKH&DODEULD5HJLRQZKLFKDLPVWR
SURPRWHWKHFXOWLYDWLRQRI-DWURSKD6HYHUDOH[SHULPHQWDOILHOGVZHUHSODQWHGZLWK-DWURSKDODVWZLQWHULQ&DODEULD
DQG ILUVW SURFHVVHV IRU ELRGLHVHO H[WUDFWLRQ KDYH EHHQ VWDUWHG 7KH SURMHFW DLPV WR GHPRQVWUDWH WKDW -DWURSKD
FXOWLYDWLRQFDQEHDGRSWHGLQ&DODEULDQPDUJLQDODUHDVIRUDJULFXOWXUHDQGELRHQHUJ\SXUSRVHV

 0DWHULDOVDQGPHWKRGV

3UHOLPLQDU\ LQYHVWLJDWLRQV ZHUH FDUULHG RXW RQ PDLQ FKHPLFDO SK\VLFDO DQG PRUSKRORJLFDO FKDUDFWHULVWLFV RI
VRPHVRFDOOHG PDUJLQDO ODQGV LQRUGHU WR LGHQWLI\ VRPHVXLWDEOHDUHDV IRU FXOWLYDWLRQRIJatropha curcas SLORW
ILHOGV
7KUHHVLWHVZHUHFKRVHQLQ&DODEULD$UJKLOOj5&&DQQDYz5&DQG0HOLWRGL3RUWR6DOYR5&6RLOVDPSOHV
ZHUHFROOHFWHGDWWZRGLIIHUHQWGHSWKVWRFPDQGWRFP&KHPLFDOSDUDPHWHUVRIVRLOVZHUHGHWHUPLQHGLQ
WKUHHUHSOLFDWHVS+ZDVPHDVXUHGLQGLVWLOOHGZDWHUXVLQJDVRLOZDWHUVXVSHQVLRQDQGS+YDOXHZDVGHWHFWHG
ZLWKDS+PHWHU6RLOVDOLQLW\ZDVGHWHUPLQHGE\WKHHOHFWULFDOFRQGXFWLYLW\(&LQGLVWLOOHGZDWHU$VRLOZDWHU
VXVSHQVLRQZDVPHFKDQLFDOO\VKDNHQDWUSPIRUKRXUWRGLVVROYHVROXEOHVDOWVDQG(&YDOXHZDVUHFRUGHGE\D
FRQGXFWLYLW\PHWHU6RLOWH[WXUDODQDO\VLVLVYHU\LPSRUWDQWLQGHWHUPLQLQJIHUWLOLW\DQGZDWHUVXSSO\LQJFDSDFLW\DV
ZHOO DV VXVWDLQDELOLW\RI DJULFXOWXUDOPDQDJHPHQWSUDFWLFHV ,WZDVGHWHUPLQHGE\%RX\RXFRVK\GURPHWHUPHWKRG
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7KHGHQVLW\RIWKHVRLOVXVSHQVLRQZDVGHWHUPLQHGZLWKDK\GURPHWHUFDOLEUDWHGWRUHDGLQJUDPVRIVROLGV
SHUOLWHU7KLVPHWKRGVLVEDVHGRQ6WRNHV¶ODZZKLFKHVWDEOLVKHVDUHODWLRQVKLSEHWZHHQSDUWLFOHVL]HDQGWKHUDWHRI
VHGLPHQWDWLRQ&RUUHFWLRQVDUHPDGHIRUWKHGHQVLW\DQGWHPSHUDWXUHRIWKHGLVSHUVLQJVROXWLRQVRLOWH[WXUHLVEDVHG
RQWKH86'$WH[WXUDOWULDQJOH
7KH .MHOGDKO PHWKRG LV XVHG WR GHWHUPLQH WRWDO QLWURJHQ FRQWHQW E\WKHGHFRPSRVLWLRQ RI QLWURJHQ LQ RUJDQLF
VDPSOHVXWLOL]LQJDFRQFHQWUDWHGVXOSKXULFDFLGVROXWLRQWROLEHUDWHWKHUHGXFHGQLWURJHQDVDPPRQLXPVXOSKDWH
7RWKHDFLGGLJHVWLRQPL[WXUHDQH[FHVVEDVHZDVDGGHGWRFRQYHUW1+WR1+DQG1+JDVZDVFRQGHQVHGLQD
UHFHLYLQJVROXWLRQ7KHDPRXQWRIQLWURJHQLQDVDPSOHZDVFDOFXODWHGIURPWKHTXDQWLILHGDPRXQWRIDPPRQLDLRQV
LQWKHUHFHLYLQJVROXWLRQ7KHHYDOXDWLRQRIWKHFRQWHQW620ZDVFDUULHGRXWEDVHGRQWKHDQDO\VLVRIWKHFRQWHQWRI
WRWDORUJDQLFFDUERQ72&$FRQYHQWLRQ LVXVHGIRU WKH9DQ%HPPHOHQ IDFWRU ZKLFK LVEDVHGRQ WKH
DVVXPSWLRQWKDWWKHFDUERQDYHUDJHLVDSSUR[LPDWHO\RIWKHHOHPHQWDOFRPSRVLWLRQRIVRLORUJDQLFPDWWHU7KH
VRLORUJDQLFFDUERQZDVHYDOXDWHGDFFRUGLQJWRWKHPHWKRGRI:DONOH\DQG%ODFN
7KH PHWKRG LV EDVHG RQ WKH R[LGDWLRQ RI RUJDQLF PDWWHU E\ SRWDVVLXP GLFKURPDWH .&U2VXOIXULF DFLG
PL[WXUH IROORZHG E\ EDFN WLWUDWLRQ RI WKH H[FHVVLYH GLFKURPDWH E\ IHUURXV DPPRQLXP VXOIDWH7KH SULPDU\
LQWHUIHULQJ LQ WKH GHWHUPLQDWLRQ RI 72& LV WKH SUHVHQFH RI LQRUJDQLF FDUERQDWHV LQ WKH VRLO 6RLO FDUERQDWHV DUH
XVXDOO\TXDQWLILHGE\DFLGGLVVROXWLRQ+&OZLWKWKHGHWHUPLQDWLRQRI&2SURGXFWLRQ
0RUHWKDQLQGLYLGXDOJatropha CurcasWUHHVRULJLQDWHIURP.HQ\DDUHLQ0HOLWRGL3RUWR6DOYR5&0DWXUH
VHHGVZHUHFROOHFWHGLQ0DUFKDQGLQ2FWREHU6HHGOLQJVZHUHREWDLQHGIURPVHHGVRUFXWWLQJV7KUHHGLIIHUHQW
H[SHULPHQWDOGHVLJQVLQ3HWULGLVKHVZHUHSHUIRUPHGIRUJHUPLQDWLRQWHVWV&XWWLQJVZHUHVPDOOWKXPEVL]HGWZLJVRU
EUDQFKHVUHPRYHGIURPWUHHV

 5HVXOWV

$UJKLOOj DQG0HOLWRDUH VDQG\ORDPPRGHUDWHO\DONDOLQH VRLOVZLWKD ORZFRQWHQWRIFDUERQDWHV&DQQDYz LV D
VDQG\VWURQJO\DONDOLQHVRLOS+!ZLWKDPHGLXPFRQWHQWRIFDUERQDWHV7KHVDOLQLW\(&ZDVQRWKLJKIRUDOO
VRLOV7KHSHUIRUPDQFHRIVRLOVLQWHUPVRITXDOLW\DQGIHUWLOLW\LVVWULFWO\UHODWHGWRWKHDPRXQWDQGFRPSRVLWLRQRI
VRLORUJDQLFPDWWHU620EHFDXVHRIWKHKLJKQXPEHURIQXWULWLRQDODQGVWUXFWXUDOIXQFWLRQVWKDWVRLORUJDQLFPDWWHU
SOD\V LQ VRLOSODQW V\VWHP 620 VXSSOLHV QXWULHQWV WKURXJK WKH SURFHVV RI PLQHUDOL]DWLRQ ZKLFK LV WKH
GHFRPSRVLWLRQRIRUJDQLFFRPSRXQGVE\PLFURELDODFWLRQLQWRFDUERQGLR[LGHDQGPLQHUDOFRQVWLWXHQWV
$WZRSHUFHQW620FRQWHQWLVFRQVLGHUHGVXIILFLHQWLQVDQG\DQGORDPVDQG\VRLOV7KHUHVXOWVUHSRUWHGLQWDEOH
VKRZWKDWRQO\$UJKLOOjVRLOKDGDGHILFLHQWVXSSO\RIRUJDQLFPDWWHU

7DEOH&KHPLFDODQGSK\VLFDOFKDUDFWHULVWLFVRISLORWILHOGVIRUJatropha Curcas FXOWLYDWLRQ
6RLOV 7H[WXUH S+ (&
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7RWDORUJDQLFFDUERQ72&LVWKHFDUERQVWRUHGLQVRLORUJDQLFPDWWHU,QIDFW620RUFDUERQF\FOHLVEDVHGRQ
FRQWLQXRXVFDUERQVXSSO\LQJLQ WKHIRUPRIRUJDQLFPDWWHUDVDIRRGVRXUFHIRUPLFURRUJDQLVPV WKHORVVRIVRPH
FDUERQDVFDUERQGLR[LGHDQGWKHEXLOGXSRIVWDEOHFDUERQDVVLPLODWLRQLQWKHVRLO
7KHUDWLRRI WRWDORUJDQLFFDUERQDQG WRWDOQLWURJHQ&1UDWLR LV WKH WUDGLWLRQDOSDUDPHWHUXVHG WRTXDQWLI\WKH
QDWXUHDQGWKHKXPLILFDWLRQOHYHORIWKHRUJDQLFPDWWHUSUHVHQWLQVRLO7KHRSWLPXPUDWLRLQVRLORUJDQLFPDWWHULV
DERXWFDUERQV WRQLWURJHQRUD&1UDWLRRIDVRUJDQLFFDUERQ LV WKHSULPDU\VRXUFHRIHQHUJ\IRUVRLO
PLFUREHVEXWWKH\DOVRUHTXLUHQLWURJHQWRPXOWLSO\DQGXWLOL]HWKLVHQHUJ\,QJHQHUDOLQVRLOVZLWKD&1UDWLRRI
EHWZHHQDQGRUJDQLFPDWWHULVZHOOKXPLILHGDQGTXDQWLWDWLYHO\IDLUO\VWDEOHRYHUWLPHDQGDOVRQLWURJHQUHOHDVH
DQGDVVLPLODWLRQDUHEDODQFHG,Q$UJKLOOjDQG0HOLWRVRLOVD ORZHU&1UDWLRHYLGHQFHGD SUHYDOHQFHRIR[LGDWLRQ
UHDFWLRQV OHDGLQJ WRDGHFUHDVHRI WKHFRQWHQWRIRUJDQLFVXEVWDQFHDQG LQQLWURJHQUHOHDVH,Q&DQQDYzVRLODKLJK
&1UDWLRZDVWZRWRORZQLWURJHQFRQWHQW
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3.1 Jatropha propagation and growth  
 
- FXUFDV VKRZHG D IDVW JURZWK IURP ERWK VHHG DQG FXWWLQJ KRZHYHU VHHGOLQJVSURSDJDWHG E\ FXWWLQJV VKRZ D
ORZHUORQJHYLW\DQGSRVVHVVDORZHUGURXJKWDQGGLVHDVHUHVLVWDQFHWKDQWKRVHSURSDJDWHGE\VHHGV+HOOHU
$SRVVLEOH H[SODQDWLRQRI WKLVEHKDYLRU LV WKDW VHHGOLQJVRULJLQDWHG IURPFXWWLQJVGRQRWSURGXFH WUXH WDSURRWV
KHQFHOHVVGURXJKWWROHUDQW
)RUJHUPLQDWLRQWHVWVWKUHHGLIIHUHQWH[SHULPHQWVLQYLWURZHUHFDUULHGRXW

x -DWURSKDVHHGVH[SHULPHQWV
x 2VPRSULPLQJWHFKQLTXH
x -DWURSKDSUHWUHDWHGVHHGV

-DWURSKDVHHGVZHUHVXUIDFHVWHULOL]HGLQVRGLXPK\SRFKORULWHIRUPLQXWHVDQGDIWHUWKH\ZHUHULQVHGZLWK
GLVWLOODWHGZDWHU)LYHVHHGVZHUHVRZQLQ3HWULGLVKHVEHWZHHQWZRILOWHUSDSHUVVRDNHGWRPDLQWDLQKLJKUHODWLYH
KXPLGLW\3HWULGLVKHVZHUHLQFXEDWHGLQFOLPDWHFKDPEHUIRUKLQGDUNQHVVDWDQDYHUDJHWHPSHUDWXUHRI&
7KUHHGLIIHUHQWKXPLGLW\OHYHOVZHUHWHVWHGP/P/P/WKHH[SHULPHQWVZHUHUHSOLFDWHGWKUHHWLPHVLQ
GXSOLFDWH7KLVPHWKRGRISURSDJDWLRQKDGQRUHVXOWVDQGQRJHUPLQDWLRQZDVREVHUYHGLQDOOFRQGLWLRQVRIKXPLGLW\
$QRVPRSULPLQJ WHFKQLTXHZDVXVHGE\SXWWLQJ-DWURSKDVHHGV LQD&D&OVROXWLRQIRUKRXUV3ULPHGVHHGV
ZHUH GULHG LQ ILOWHU SDSHU DQG ZHUH FDUHIXOO\ VFDULILFDWHG E\ DEUDVLYH SDSHU XQWLO WKH HPEU\R DSSHDUDQFH
6XFFHVVLYHO\ VHHGVZHUHZDVKHG DQG VRZQ LQ3HWUL GLVKHV RQ D ILOWHU SDSHU VRDNHG DQG LQFXEDWHG IRU KZLWK
SKRWRSHULRGDQGDQDYHUDJHWHPSHUDWXUHRI&*HUPLQDWLRQH[SHULPHQWVZHUHSHUIRUPHGLQWULSOLFDWH6HHGVZHUH
FRQVLGHUHGJHUPLQDWHGZKHQERWKFRW\OHGRQVZHUHGHYHORSHG*HUPLQDWHGVHHGVZHUHFROOHFWHGIURPWKHGLVKHVDQG
SXWRQDSHUOLWHWUD\$FOLPDWLFQXUVHU\WHPSHUDWXUHDQGKXPLGLW\FRQWUROOHGZDVUHDOL]HGXVLQJUHF\FOHGPDWHULDO
6RPH -DWURSKD VFDULILFDWHG VHHGV ZLWKRXW SUHWUHDWPHQW ZHUH DUUDQJHG RQ D SHUOLWH SXW LQ VXQOLJKW 8VLQJ WKLV
PHWKRGRISURSDJDWLRQ QRQJHUPLQDWHG VHHGVZHUH HDVLO\ LGHQWLILHG*HUPLQDWLRQSHUFHQWDJH LV6HHGVZLWK
GHYHORSHGURRWVZHUHWUDQVIHUUHGWRSRWV


)LJJ6HHGVDQGJHUPLQDWLRQ

6RPHSUHWUHDWHGVHHGVZHUHSODFHGGLUHFWO\LQDJURZLQJPHGLXPFRPELQDWLRQRIFOHDQVRLODQGSHDWLQSODWHDX
7KHVH VHHGEHGVZHUH FROORFDWHG LQ FOLPDWLF FKDPEHU WHPSHUDWXUH & KXPLGLW\  KRXUV RI SKRWRSHULRG
*HUPLQDWLRQSHUFHQWDJHZDV7KHSURSDJDWLRQRI-DWURSKDE\FXWWLQJVZDVUHDOL]HG LQ WZRZD\VK\GURSRQLF
FXOWXUH DQGGLUHFWO\ LQWRWKHJURXQG)RUK\GURSRQLFV\VWHPFXWWLQJVZHUHJURZQRQDZDWHUFXOWXUH LQ3OH[LJODV
ER[LQDJURZWKFKDPEHUXQGHUZKLWHOLJKWLQDKSKRWRSHULRGUHODWLYHKXPLGLW\DQGDW&$QDLU
SXPSVXSSOLHGR[\JHQ WR WKHZDWHU$IWHU VHYHQGD\V FXWWLQJVZHUH WUDQVIHUUHG LQWRJURZLQJXQLWV FRQWDLQLQJDQ
DHUDWHG+RDJODQGQXWULHQW VROXWLRQ +RDJODQG	$UQRQ$IWHU WHQ GD\V FXWWLQJV KDG ILUVW OHDYHV DQG FDOOXV
WLVVXH&DOOXVIRUPDWLRQUHSUHVHQWVDIRUPRIGHQRYRRUJDQRJHQHVLV6HYHUDOJHQHVDQGSURFHVVHVLQYROYHGLQODWHUDO
URRWIRUPDWLRQDOVRIXQFWLRQLQFDOOXVIRUPDWLRQ$IWHUWZHQW\GD\VURRWVZHUHHYLGHQWLQFXWWLQJV

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
)LJ7KHURRWV\VWHPRIFXWWLQJVRIWKHKLJK\LHOGLQJSODQW

7DEOH*URZWKSDUDPHWHUVRI-DWURSKDVHHGOLQJVGD\VROGDQGSURSDJDWHGE\VHHGVRUFXWWLQJV
 6HHGOLQJVIURPVHHGV 6HHGOLQJVIURPFXWWLQJV
7RWDOKHLJKWFP  
&ROODUGLDPHWHUFP  
/HDIQXPEHU  
1XPEHURISULPDU\EUDQFKHV VLQJOHVWHP 
 
  
)LJXUHV7KHQHZSODQWVLQPDUJLQDODUHDV6LWH$UJKLOOjMXQHOHIWDQGQRYHPEHUULJKW

&RQFOXVLRQ

,QFRQFOXVLRQWKHPDLQDGYDQWDJHVRI-DWURSKDOLHLQUHODWLYHO\KLJKRLOFRQWHQWKLJK\LHOGLQJSODQWVIHZHULQSXWV
DQGWKXVLWKDVDKLJKHUHQHUJ\UHWXUQRQLQYHVWPHQWDQGORZHU&2IRRWSULQWWKDQRWKHURLOEHDULQJFURSVVXFKDV
VR\EHDQRUUDSHVHHG3UHOLPLQDU\UHVXOWVVKRZDSRWHQWLDOGHYHORSPHQWRIWKLVFURSLQPDUJLQDODUHDVLQ&DODEULD
-DWURSKDLVJDLQLQJLQFUHDVLQJLPSRUWDQFHLQ&DODEULDDVDKLJKSRWHQWLDOELRGLHVHOIHHGVWRFNEHFDXVHDFWVDVDQ
DOWHUQDWLYHFURSVXLWDEOHIRUFXOWLYDWLRQRQGHJUDGHGODQGDQGSRRUVRLOZKHUHIRRGFURSVZRXOGQRWWKULYH7KHORZ
LQSXWUHTXLUHPHQWVRIWKLVFURSDOORZDPDMRUZDWHUVDYLQJVDVZHOODVWKHDELOLW\WRFRQWUROVRLOHURVLRQ
7KH SUHVHQW SUHOLPLQDU\ VWXG\ VXJJHVWV WKH QHHG IRU IXUWKHU LQWHQVLYH UHVHDUFK WR EHWWHU XQGHUVWDQG SRWHQWLDO
FRVWVDQGEHQHILWV IRUDYLDEOHSURMHFW-DWURSKDSODQQLQJ&RQWULEXWLRQ WRFOLPDWHFKDQJHPLWLJDWLRQDQG LQFUHDVHG
FRPSHWLWLYHQHVVDUHH[SHFWHGUHVXOWVLQWKHORQJWHUP=LPEDODWWL	3URWR3URWR0DFUu%HUQDUGLQL5XVVR	
=LPEDODWWL

$FNQRZOHGJHPHQWV
 
7KHDFWLYLWLHVLQWKLVVWXG\ZHUHIXQGHGE\WKH3URMHFW6L5H-D±325&DODEULD)(56:3

775 Alessandro De Rossi et al. /  Procedia - Social and Behavioral Sciences  223 ( 2016 )  770 – 775 
5HIHUHQFHV

%DOGLQL0%XOIRQL(	)HUILD& 6HHGSURFHVVLQJDQGRLOTXDOLW\RIJatropha curcas/RQ IDUPVFDOH$FRPSDULVRQZLWKRWKHU
HQHUJ\FURSVEnergy for sustainable development 19, 7-14. 
%DOGLQL05DUDQFLXF6	9LVFKL07R[LFLW\RIJatropha curcas/DVDELRIXHOFURSDQGRSWLRQVIRUPDQDJHPHQWCAB Rev. 7, 1–13
%RFFL(6LVLQQL00RQHWL09HFFKLRQH/'L&DUOR$	9LOODULQL06WDWHRIDUWRIVPDOOVFDOH%LRPDVV*DVLILFDWLRQ3RZHU
6\VWHP$5HYLHZRIWKHGLIIHUHQW7\SRORJLHVEnergy Procedia 45 247-256. 
%RX\RXFRV*-+\GURPHWHU0HWKRG,PSURYHGIRU0DNLQJ3DUWLFOH6L]H$QDO\VHVRI6RLOVAgr. J.54: 464-465. 
&RODQWRQL $ $OOHJULQL ( %RXEDNHU . /RQJR / 'L *LDFLQWR 3	 %LRQGL 3  1HZ LQVLJKWV IRU UHQHZDEOH HQHUJ\ K\EULG
SKRWRYROWDLFZLQGLQVWDOODWLRQVLQ7XQLVLDWKURXJKDPDWKHPDWLFDOPRGHOEnergy Conversion And Management 75 398-401
'L,RULR$/DVVHUUH%3HWUR]]L/6FLSSD*6	&KLDWDQWH'$GDSWLYHORQJLWXGLQDOJURZWKRIILUVWRUGHUODWHUDOURRWVRIDZRRG\
VSHFLHVSpartium junceumWRVORSHDQGGLIIHUHQWVRLOFRQGLWLRQV²XSZDUGJURZWKRIVXUIDFHURRWVEnvironmental and Experimental Botany

'L ,RULR$0RQWDJQROL$7HU]DJKL06FLSSD*6	&KLDWDQWH'(IIHFWRI WUHHGHQVLW\RQURRWGLVWULEXWLRQ LQ)DJXVV\OYDWLFD
VWDQGVDVHPLDXWRPDWLFGLJLWLVLQJGHYLFHDSSURDFKWRWUHQFKZDOOPHWKRGTrees
+HOOHU-Jatropha curcas L. promoting the conservation and use of underutilized and neglected crops5RPH,QWHUQDWLRQDO3ODQW*HQHWLF
5HVRXUFHV,QVWLWXWH
+RDJODQG'5	$UQRQ',The water-culture method for growing plants without soil%HUNHOH\&DOLI 8QLYHUVLW\RI&DOLIRUQLD
&ROOHJHRI$JULFXOWXUH$JULFXOWXUDO([SHULPHQW6WDWLRQ
.MHOGDKO-1HZPHWKRGIRUWKHGHWHUPLQDWLRQRIQLWURJHQLQRUJDQLFVXEVWDQFHVZeitschriftfüranalytischeChemie 22 (1) : 366-383. 
0RQHWL0'HOIDQWL/030DUXFFL$%HGLQL5*DPEHOOD)3URWR$5	*DOOXFFL)6LPXODWLRQVRIDSODQWZLWKDIOXLGL]HG
EHGJDVLILHU:*6DQG36$Contemporary Engineering Sciences, Vol. 8, 2015, no. 31, 1461-1473. http://dx.doi.org/10.12988/ces.2015.5619.
3UDVDG / 3UDGKDQ 6 'DV /0	 1DLN 61  ([SHULPHQWDO DVVHVVPHQW RI WR[LF SKRUERO HVWHU LQ RLO ELRGLHVHO DQG VHHG FDNH RI
Jatropha curcasDQGXVHRIELRGLHVHOLQGLHVHOHQJLQHAppl. Energy 93:245–250. 
3URWR$5	=LPEDODWWL*)LUHZRRGFDEOHH[WUDFWLRQ LQ WKHVRXWKHUQ0HGLWHUUDQHDQDUHDRI,WDO\Forest Science and Technology. 
http://doi.org/10.1080/21580103.2015.101896.
3URWR$5=LPEDODWWL*$EHQDYROL/%HUQDUGL%	%HQDOLD6%LRPDVV3URGXFWLRQLQ$JURIRUHVWU\6\VWHPV9(5L)RU3URMHFW
Advanced Engineering Forum, 11, 58–63KWWSGRLRUJZZZVFLHQWLILFQHW$()
3URWR$50DFUu*%HUQDUGLQL95XVVR'	=LPEDODWWL*$FRXVWLFHYDOXDWLRQRIZRRGTXDOLW\ZLWKDQRQGHVWUXFWLYHPHWKRGLQ
VWDQGLQJWUHHV$ILUVWVXUYH\LQ,WDO\iForest, $UWLFOHLQSUHVV
7LZDUL $. .XPDU $	 5DKHPDQ +  %LRGLHVHO SURGXFWLRQ IURP -DWURSKD RLO Jatropha curcas ZLWK KLJK IUHH IDWW\ DFLGV DQ
RSWLPL]HGSURFHVVBiomass Bioenergy 31:569–575. 
:DONOH\$	%ODFN,$$Q([DPLQDWLRQRI'HJWMDUHII0HWKRGIRU'HWHUPLQLQJ6RLO2UJDQLF0DWWHUDQGD3URSRVHG0RGLILFDWLRQRI
WKH&KURPLF$FLG7LWUDWLRQ0HWKRGSoil Sci. 37:29-37. 
=LPEDODWWL * 	 3URWR $ 5  &DEOH ORJJLQJ RSSRUWXQLWLHV IRU ILUHZRRG LQ &DODEULDQ IRUHVWV Biosystems Engineering. 
http://doi.org/10.1016/j.biosystemseng.2008.10.008. 

  
